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(57) Abstract: In a receiver apparatus, a decoding 
part (5} executes a single LDPC decoding of a re- 
ceived stgnal by use of ""sum-product algorithm* 
at a plurality of sample points that arc candidates 
of a sample starting point; a phase error estimating 
pan {6} uses a soft-decision information outputtcd 
during the decoding to execute a phase error esti- 
mation based on MMSE; a mukipUcf (4) corrects, 
based on the result of the estimation* the received 
signal; and a frame deciding part (7) compare* an 
average (A) of the absolute values of the tatest log- 
arithmic likelihood ratios with an average (6) of the 
absolute values of the immediately preceding loga- 
rithmic likelihood ratios to determine wfoetfwsr to ter- 
minate the correction processing, and if (Bj iscqual 
to or greater than (A), the frame deciding part <7) 
terminates the correction processing, ami thereafter, 
uses; as the sample start point of she frame a point 
corresponding to the maximum value of the aver- 
ages of the absolute values of the logarithmic likeli- 
hood ratios at ihe candidates of the sample starting 
point 
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Technical field 

The present invention pertains to a communication system that can perform 
synchronization control without using a preamble, user code, or other prescribed symbols. In 
particular, the present invention pertains to a communication system, receiver and 
communication method that allows synchronization control using an LDPC (Low-Density 
Parity-Check) encoded signal. 

Prior art 

In the following, synchronization control of the prior art will be explained. First, the 
method for establishing the synchronization method of the prior art will be explained. For 
example, on the transmitting side, phase inverted N signals (preambles) are transmitted (see the 
upper section and middle section of Figure 12). On the receiving side, phase inversion is detected 
in the preamble, a synchronization signal is output at this timing (see the lower section of Figure 
12), and the data of the modulated data is demodulated. Usually, it is possible to establish correct 
synchronization even in a noisy communication line. Consequently, in many cases, said number 
N is set to 10 or more. 

In the following, the user detection method of the prior art will be explained. Usually, on 
the receiving side, the user code that is transmitted after said preamble is used, and whether the 
receiving frame is a communication frame towards the device is checked (see Figure 13). In this 
case, on the receiving side, user detection is performed to check for agreement with the unique 
code assigned to the given device. Usually, in order to reduce the probability of accidental 
agreement with the code pattern by means of noise, etc., usually, at least 1 byte (8 bits) or more 
is assigned to the user code. Also, as far as the constitution of the communication frame is 
concerned, for example, various types of control codes are arranged on either side of said user 
code, followed by the data for the user (payload data) (See Figure 13.) 

However, in the aforementioned conventional communication method, the preamble or 
user code is set in the communication frame to perform synchronization control. Consequently, 
the communication frame is redundant, which is undesirable. 

The purpose of the present invention is to provide a communication system, receiver and 
communication method that can perform correct synchronization control without using a 
preamble or user code. 

Disclosure of the invention 

The present invention provides a communication system characterized by the fact that it 
has the following parts: a transmitter that executes the LDPC encoding process, a decoding 
means that executes LDPC decoding once (iteration: 1) with the "sum-product algorithm" with 



4 



respect to the received signal at plural sample points as candidates of the sample starting point, a 
phase error estimating means that uses the soft judgment information output during the process 
of said decoding to estimate the phase error using the minimum mean square error method 
(MMSE), and a correcting means that corrects the received signal on the basis of said estimation 
result. 

The present invention provides a communication system characterized by the following 
facts: said receiver also has a frame synchronization control means that performs the following 
operation: judgment is made on whether said correction process is finished by comparing the 
mean value of the absolute values of the latest logarithmic likelihood ratios (A) with the mean 
value of the absolute values of the immediately preceding logarithmic likelihood ratios (B); if the 
judgment result is B < A, the received signal after correction is used to execute LDPC decoding 
and the correction process again; on the other hand, if the result of execution of repeated 
decoding using the corrected received signal is B > A, the correction process is finished; then, 
the maximum value is selected from the mean values of the absolute values of the logarithmic 
likelihood ratios corresponding to the candidates for said sample starting point; and the point 
corresponding to the maximum value is taken as the sample starting point of the frame; said 
decoding means performs LDPC decoding repeatedly until a prescribed number of iterations is 
reached or when there is no error for the selected frame. 

Also, the present invention provides a communication system characterized by the fact 
that in this communication system, said receiver determines the candidates for the sample 
starting point by means of carrier sensing. 

In addition, the present invention provides a type of receiver characterized by the fact that 
it has the following parts: a decoding means that executes LDPC decoding once (iteration: 1) 
with "sum-product algorithm" with respect to the received signal at plural sample points as 
candidates for the sample starting point, a phase error estimating means that uses the soft 
judgment information output during the process of said decoding to execute phase error 
estimation using the minimum mean square error method (MMSE), and a correcting means that 
corrects the received signal on the basis of said estimation result. 

The present invention provides a receiver characterized by the fact that it also has a frame 
synchronization control means that performs the following operation: judgment is made on 
whether said correction process is finished by comparing the mean value of the absolute values 
of the latest logarithmic likelihood ratios (A) with the mean value of the absolute values of the 
immediately preceding logarithmic likelihood ratios (B); if the judgment result is B < A, the 
received signal after correction is used to execute LDPC decoding and the correction process 
again; on the other hand, if the result of execution of repeated decoding using the corrected 
received signal is B > A, the correction process is finished; then, the maximum value is selected 
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from the mean values of the absolute values of the logarithmic likelihood ratios corresponding to 
the candidates for said sample starting point; and the point corresponding to the maximum value 
is taken as the sample starting point of the frame; said decoding means performs LDPC decoding 
repeatedly until a prescribed number of iterations is reached or when there is no error for the 
selected frame. 

Also, the present invention provides a receiver characterized by the fact that in this 
receiver, the candidates for the sample starting point are determined by means of carrier sense. 

Moreover, the present invention provides a communication method characterized by the 
fact that it is comprised of the following steps: a first decoding step in which LDPC decoding is 
executed once (iteration: 1) with the "sum-product algorithm" with respect to the received signal 
at a prescribed sample point, a phase error estimating step in which the soft judgment 
information output during the process of said decoding is used to execute phase error estimation 
using minimum mean square error method (MMSE), a correction step in which the recorded 
signal is corrected on the basis of said estimation result, a judgment step in which judgment is 
made on whether said correction process is finished by comparing the mean value of the absolute 
values of the latest logarithmic likelihood ratios (A) with the mean value of the absolute values 
of the immediately preceding logarithmic likelihood ratios (B), and a second decoding step in 
which the following operation is performed: if the judgment result is B < A, the received signal 
after correction is used to execute LDPC decoding and the correction process again; on the other 
hand, if the result of execution of repeated decoding using the corrected received signal is B > A, 
the correction process is finished, and said LDPC decoding is executed repeatedly until the a 
prescribed number of iterations is reached or when there is no error. 

In addition, the present invention provides a communication method characterized by the 
fact that it is comprised of the following steps of operation: a first decoding step in which LDPC 
decoding is executed once (iteration: 1) with the "sum-product algorithm" with respect to the 
received signal at plural sample points as candidates for the sample starting point, a phase error 
estimating step in which the soft judgment information output during the process of said 
decoding is used to execute phase error estimation using the minimum mean square error method 
(MMSE), a first correction step in which the received signal is corrected on the basis of said 
estimation result, a judgment step in which judgment is made on whether said correction process 
is finished by comparing the mean value of the absolute values of the latest logarithmic 
likelihood ratios (A) with the mean value of the absolute values of the immediately preceding 
logarithmic likelihood ratios (B), a second decoding step in which the operation is performed 
such that if the judgment result is B < A, the received signal after correction is used to execute 
the LDPC decoding and correction process again, a frame synchronization step in which the 
operation is performed such that if the result of execution of repeated decoding using the 
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corrected received signal is B > A, the correction process is finished, the maximum value among 
the mean values of the logarithmic likelihood ratios corresponding to said candidates for the 
sample starting point is selected, and the point corresponding to said maximum value is taken as 
the sample starting point of the frame, and a second decoding step in which the operation is 
performed such that for the selected frame, said LDPC decoding is executed repeatedly until a 
prescribed number of iterations is reached or when there is no error. 

Also, the present invention provides a communication method characterized by the fact 
that the candidates for the sample starting point are determined by means of carrier sensing. 

Brief description of the figures 

Figure 1 is a diagram illustrating the constitution of the communication system of the 
present invention. Figure 2 is a diagram illustrating the frame structure. Figure 3 is a diagram 
illustrating the parameters pertaining to communication between communication devices. Figure 
4 is a diagram illustrating the parameters pertaining to communication between communication 
devices. Figure 5 is a diagram illustrating the mean value of absolute values of LLR at the 
various sample points. Figure 6 is a diagram illustrating the probability of the frame error rate. 
Figure 7 is a diagram illustrating the regression straight line of 9' + Acp\ Figure 8 is a diagram 
illustrating the probability of the frame error. Figure 9 is a diagram illustrating the BER 
characteristics. Figure 10 is a diagram illustrating the probability density distribution of the 
estimated value of the timing offset. Figure 1 1 is a diagram illustrating the probability density 
distribution of the estimated value of the frequency offset. Figure 12 is a diagram illustrating the 
synchronization control method of the prior art. Figure 13 is a diagram illustrating the user 
detection method of the prior art. 

Preferred embodiment of the invention 

In the following, a detailed explanation will be presented of a preferred embodiment of 
communication system, receiver and communication method with reference to the attached 
figures. However, the present invention is not limited to said embodiment. 

Figure 1 illustrates the constitution of the communication system of the present invention. 
More specifically, (a) shows the constitution of the communication device on the transmitting 
side (transmitter), and (b) shows the communication device on the receiving side (receiver). In 
Figure 1, (1) represents the encoding part; (2) represents the carrier sense part; (3) represents the 
sampling part; (4) represents a multiplier; (5) represents a decoding part; (6) represents a phase 
error estimation part; and (7) represents a frame judgment part. 
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In the communication devices in said communication system, LDPC codes are used as 
error correction codes. Also, in the LDPC encoding/decoding processing, an AWGN (Additive 
White Gaussian Noise) communication line is assumed. 

For example, if QPSK (Quadrature Phase Shift Keying) modulation with encoding rate of 
0.5 is used, received signal yk in the communication device on the receiving side can be 
represented by following Equation (1): 

y* = c k + n k = + j- ••• (1) 

Also, said received signal y^ is a complex received signal at sample point k. Here, k = 1 , 
2, . . . L c /2; L c represents the code length; Ck represents the encoding series of QPSK; and n k 
represents the complex additive white Gaussian noise 25o 2 . Also, sample point k of the complex 
received signal contains 2 sample points on the real and imaginary axes. The spacing between 
the sample points on the time axis is Ts. That is, on the time axis, sample points on the real axis 
and imaginary axis take place alternately with spacing Ts. 

Also, said encoded series c k of QPSK is given by following Equation (2). Here, the 
received signals corresponding to U2 k -i and U2 k are r2 k -i and r 2 k 5 respectively. 

c* = ^-i + j*u 2k ■■• (2) 

Also, a model of the received signal y k can be formed using following Equation (3). Here, 
0 represents the timing offset, and A'cp represents the carrier frequency offset. 

Vk = e^^'c, + n k - - ■ (3) 

In the following, the basic operation of the frame synchronization control using the 
LDPC codes will be explained. Here, the LDPC encoded signal is decoded using the 
"sum-product algorithm", a conventional decoding method. Frame synchronization control is 
performed using the mean value of the absolute values of LLR (logarithmic likelihood ratio) 
output from said "sum-product algorithm". Also, the frame length is assumed to be equal to the 
encoded word length. Also, the receiver (the communication device on the receiving side) has a 
function for detecting the carrier power (carrier sense). With the carrier sense function, the 
starting position of the receiving frame is roughly estimated. 

First, in the transmitter (the communication device on the transmitting side), the binary 
data is encoded using an LDPC encoder for generating encoded words bi (i = 1 , 2, . . . L c ). Also, 
the encoded words are taken as those that have been mapped to the signal constellation points. 
Also, the real axis is u 2 k-i {+1,-1}, and the imaginary axis is u 2 k {+1,-1}. 
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The process pertaining to transmission and reception is applied to the block of the data bit 
bi € {1, 0} with data length <0. Consequently, if the encoding rate is R (0 < R < 1), the code 
length L c becomes L c = Lq/R. 

In the receiver, after carrier sense, by analyzing of consecutive ±M sample points, that is, 
by executing, "sum-product algorithm" with consecutive ±M sample points, the frame 
synchronization is established. In the "sum-product algorithm", probability Pr {uk=+l|r} and 
probability Pr {uk— l|r} obtained from block of the received symbol r = [ri, r 2 , ... r L c] are 
computed. More specifically, for example, pseudo-post LLR (logarithmic likelihood ratio) is 
computed using Equation (4) by means of the first cycle of repeated decoding. 



L^u^ - In 



Pr{u A 


= +1 


r} 


Pr{u t 


= -1 


r} 



(4) 



According to Equation (5), the maximum value among the mean values of the absolute 
values of LLR at the ±M sample points is detected, and the point corresponding to the maximum 
value is taken as sample starting point g\ Figure 2 is a diagram illustrating the frame structure. 

g' = arg max — £ I L u (u s ) I ■ ■ ■ (5) 

After the frame synchronization is established using said Equations (4) and (5), the 
receiver continues the decoding processing with "sum-product algorithm". 

Then, using "irregular-LDPC code" with encoding rate = 0.5, it is checked whether the 
frame synchronization has been established. Figures 3 and 4 are diagrams illustrating the 
parameters pertaining to the communication between said communication devices. Figure 4 
shows an example of un-sample [transliteration] (weight assignment) of the "irregular-LDPC 
code", where X* represents the proportion of the total weight contained in the column of weight x 
with respect to the overall weight of the checking matrix; p x represents the proportion of the total 
weight contained in the row of weight x with respect to the overall weight of the checking 
matrix; and No. represents the number of columns or rows of weight x. Also, Gga represents the 
estimation threshold represented using the standard deviation of the communication line noise 
using Gaussian approximation method; SNRnorm (GA) is the difference from the Shannon limit 
represented in dB. Also, at an encoding rate of 0.5, the Shannon limit is taken as o = 0.9769. 

Figure 5 is a diagram illustrating the mean value of the absolute values of LLR at the 
various sample points given by Equation (5). The receiver detects the point with the maximum 
value among the mean values of the absolute values of LLR, so that it is possible to establish the 
frame synchronization correctly. 
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Also, in order to estimate the degradation in the performance that takes place due to an 
inappropriate sample point, the frame synchronization at different timing offset states is 
evaluated. Figure 6 is a diagram illustrating the probability of the frame error due to different 
timing offsets from 0° to 45°. The results indicate that for the receiver with the aforementioned 
frame synchronization control, when the timing offset is over 30°, it is difficult to recover the 
frame synchronization. That is, when the timing offset is over 30°, the frame error characteristics 
become worse. 

The foregoing is an explanation of the basic operation of the frame synchronization 
control using LDPC code. In the following, with reference to Figure 1, a detailed explanation 
will be presented of the operation of the receiver in this embodiment in which frame 
synchronization control and decoding processing are performed while said timing offset and 
frequency offset are corrected. Also, the operation of the transmitter (the portion corresponding 
to encoding part (1)) is the same as was described above, so that it will not be explained in detail 
again. 

More specifically, in this embodiment, when synchronization is not taken for the sample 
timing and the carrier frequency, the timing offset and frequency offset are estimated using the 
soft judgment bit output using the "sum-product algorithm". In this case, in the receiver, the 
minimum mean square error (MMSE) is used to execute the expanded "sum-product algorithm". 
This expanded "sum-product algorithm" is composed of the MMSE of the phase error 
estimation/correction process, frame synchronization process, and the conventional 
"sum-product algorithm" process. 

(A) MMSE phase error estimation/correction process 

First, in decoding part (5), the initial LLR message of the received signal is computed 
using the following Equation (6). In this case, the repetition counter in decoding part (5) is 1 = 1, 
and the maximum number of the repetitions is set at 

L u <Ui) h In = -r— 

Prhii = -l|r) 
1 / faal exp(- (r, + 1)« / 2aj) ~ *l 

... (6) 

Then, using the parity checkup matrix H, "sum-product algorithm" is executed once 
(iteration =1). 
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Then, in decoding part (5), the pseudo LLR of encoded signal {iik} 1 ^ (where k = 1) after 
one repetition cycle is used to determine soft judgment bit Uk' using the following Equation (7). 
Here, E{ } represents the mean value, 
uj ■ E{u t ) 

= Pr{u t = +11 • 1 + Prfu, = -1} • (-1) 
exp (14^) ) 



= In 



- 1 



1 + exp a4<u k ) ) 1 + exp ai(u») ) 



(7) 



Then, in phase error estimation part (6), by means of MMSE, that is, using following 
Equations (8) and (9), phase error (6% Acp') is determined. 



8' + A$' • k - arg min El- 



tan" 



<9' + Atf - kj 



(8) 



whereEp(k) = tan 



Re{y k / c'J 



k' = 



1 *»/» 



• = S * ; E P W - (L e / 2) • E, 
2 k 2 - (I, e / 2) • (k')' 

Y k 2 - QV / 2) • (kV 



k' 



(9) 



Also, ^ ' r 1 U2k . 

Im represents the imaginary axis, Re represents the real axis, 9' represents the estimation sample 
error (timing offset), A(p' represents the estimated clock error (frequency offset), and 9'+A(p' can 
be considered a linear regression line. Figure 7 is a diagram illustrating the regression line of 

9 ' + A <t> ' 

Also Ep' represents the mean value of the soft judgment phase error. 



+ i u. 
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Then, with multiplier (4), the soft judgment phase error of the received signal (timing 
offset, frequency offset) is corrected. That is, as shown in Equation (10), received signal y k is 
multiplied by the above determined phase error to get corrected value yk' of the received signal. 
As a result, Equation (1 1) is used to obtain the corrected received signal. 

yi - y. ■ 

= t**-i + 3 ' x>*) • fcos (6* + M' • W - j • sinter + A*' • k)) 

(10) 



r^_, = Refe^ + j • t 3k ) ■ (cos &' + A<|>' • k) - j sin (9' + A«j>' • W)} 
4, = Im^., + j • v n ) • (cos©' + A$* - k) - jsin®' + A*' • k))} 

(11) 

Then, in decoding part (5), said corrected received signal is used to refresh LLR. The 
LLR message refreshed by correction is given by following Equation (12). 

Htuj = in Pr(U ' ' igj - 4 ■•• d2) 



Pr{Ui = -l(r'} 0o 

Then, frame judgment part (7) judges whether said correction process of the phase error 
has finished by comparing the latest LLR mean value m 1 with the mean value of the immediately 
preceding LLR, m 1 ' 1 . For example, suppose the judgment result with frame judgment part (7) is 
m 1 " 1 < m 1 , decoding part (5), phase error estimation part (6) and multiplier (4) are used to perform 
the process after the "sum-product algorithm" again. Also, the mean value of LLR, m, is given 
by the following Equation (13). 



< - r-Sl ^) l (13) 



(B) Frame synchronization process 

On the other hand, if the result of the judgment made by said frame judgment part (7) is 
m 1 " 1 > m 1 , in decoding part (5), following Equation (14) is executed for frame synchronization 
control. More specifically, the maximum value is detected from the mean values of the absolute 
values of LLR corresponding to the ±M sample points, that is, the 2M+1 candidates for the 
sample starting point, and the point corresponding to the maximum value is taken as sample 
starting point g' of the frame. The process up to this step is the process with "iteration = 1". Also, 
the 2M+1 candidates for the sample starting point are determined on the basis of the information 
from carrier sense part (2) that allows detection of the carrier power. With said carrier sense 
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function, it is possible to make a rough estimate of the starting position of the receiving frame 
(candidate for the sample starting point). 



(C) Conventional <c sum-product algorithm" process 

Then, in decoding part (5), for the frame selected in the process of (B), the conventional 
"sum-product algorithm" is carried out. That is, when the temporary hard judgment bits 



count value (1) in decoding part (5) is incremented, and decoding is continued until one has 



An explanation was presented above of the basic operation of the frame synchronization 
control using the LDPC code and the operation of the receiver in this embodiment with frame 
synchronization and decoding processing performed while said timing offset and frequency 
offset are corrected. The decoding characteristics of the receiver of this embodiment will be 
examined below. 

Figure 8 is a diagram illustrating the probability of the frame error by means of different 
timing offsets from 0° to 45° when the receiver of this embodiment is used (when phase error 
correction is performed using MMSE). In the decoding method of this embodiment, even when 
the timing offset reaches 30°, it is still possible to detect the frame position correctly with SNR of 
about 2 dB. 

Figure 9 is a diagram illustrating the BER characteristics. In the figure, "0°", "20°", "40°", 
"45°" represent the values of the timing offsets. On the other hand, the frequency offset is set 
at -0.0036° (-10 ppm) in all cases. For example, with Aq> of -0.0036° (-10 ppm), when the number 
of repetitions is 100 cycles, and "20°" at the point with BER=10" 4 , there is only a degradation of 
0.3 dB as compared to "0°". In addition, even in the case of "40°", the degradation is only about 
0.8 dB as compared with the case of "0°" 

Figure 10 is a diagram illustrating the probability density distribution of the estimated 
values for the timing offset. Figure 1 1 is a diagram illustrating the probability density 
distribution for the estimated values of the frequency offset. From these figures, it can be seen 
that when the estimated values for the timing offset and the frequency offset exceed the 
estimation threshold using the Gaussian approximation method, the correction level rises as the 
ratio Eb/No increases. 
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In this way, this embodiment has a constitution with a soft judgment phase correction 
function by means of MMSE in conventional decoding processing ("sum-product algorithm"). 
That is, the constitution is such that the frame synchronization control and decoding processing 
are performed while timing offset and frequency offset are corrected, without using a PLL. As a 
result, in the case of QPSK modulation, even when a timing offset of about 40° takes place, it is 
still possible to obtain good characteristics (decoding performance). 

As explained above, according to the present invention, the constitution is such that there 
is a soft judgment phase error correction function by means of MMSE in conventional decoding 
processing ("sum-product algorithm"). As a result, even when a timing offset of about 40° takes 
place, it is still possible to obtain a communication system that can suppress degradation of the 
characteristics (decoding performance). This is one effect of the present invention. 

Then, according to the present invention, a frame constitution without a preamble or user 
code is used in which frame synchronization control and decoding processing are performed 
while the timing offset and frequency offset are corrected without using a PLL. As a result, it is 
possible to prevent wasteful redundancy of the frame, and it can provide a communication 
system that allows correct detection of the frame position. This is another effect of the present 
invention. 

Then, according to the present invention, the constitution is such that the 2M+1 
candidates for the sample starting point are determined using the carrier sense function. With 
said carrier sense function, it is possible to obtain a communication system that can effectively 
make a rough estimate of the starting position of the receiving frame (candidates for the sample 
starting point). This is another effect of the present invention. 

Also, according to the present invention, the constitution is such that it has a soft 
judgment phase error correction function by means of MMSE in the conventional decoding 
processing ("sum-product algorithm"). As a result, for example, it is possible to obtain a receiver 
for which degradation in the characteristics (decoding performance) can be suppressed even 
when a timing offset about 40° takes place. This is another effect of the present invention. 

Then, according to the present invention, a frame constitution without a preamble or user 
code is used with which frame synchronization control and decoding processing can be 
performed while the timing offset and frequency offset are corrected, without using a PLL. As a 
result, it is possible to prevent wasteful redundancy of the frame, and it can provide a receiver 
that allows correct detection of the frame position. This is another effect of the present invention. 

Then, according to the present invention, the constitution is such that the 2M+1 
candidates for the sample starting point are determined using the carrier sense function. With 
said carrier sense function, it is possible to obtain a receiver that can effectively make a rough 
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determination of the starting position of the receiving frame (candidates for the sample starting 
point). This is another effect of the present invention. 

Also, according to the present invention, the constitution is such that it has a soft 
judgment phase error correction function by means of MMSE in the conventional decoding 
processing ("sum-product algorithm"). As a result, for example, it is possible to obtain good 
characteristics (decoding performance) even when a timing offset of about 40° takes place. This 
is another effect of the present invention. 

Then, according to the present invention, a frame constitution without a preamble or user 
code is used with which frame synchronization control and decoding processing can be 
performed while the timing offset and frequency offset are corrected, without using a PLL. As a 
result, it is possible to prevent wasteful redundancy of the frame, and it can make correct 
detection of the frame position. This is another effect of the present invention. 

Then, according to the present invention, the constitution is such that the 2M+1 
candidates for the sample starting point are determined using the carrier sense function. With 
said carrier sense function, it is possible to make a rough determination of the starting position of 
the receiving frame (candidates for the sample starting point). This is another effect of the 
present invention. 

Industrial application field 

As explained above, the communication system, receiver and communication method of 
the present invention are useful in systems to performing synchronization control without using 
preamble, user code, or other specific symbols. In particular, they are effective for use in a 
communication systems that perform synchronization control using LDPC encoded signals. 

Claims 

1 . A communication system characterized by the fact that it is comprised of the following 

parts: 

a transmitter that executes the LDPC (Low-density Parity-check) encoding process, 
a decoding means that executes LDPC decoding once (iteration: 1) with "sum-product 
algorithm" with respect to the received signal at plural sample points as candidates for the 
sample starting point, a phase error estimating means that uses the soft judgment information 
output during the process of said decoding to execute phase error estimation using minimum 
mean square error method (MMSE), and a correcting means that corrects the received signal on 
the basis of said estimation result. 

2. The communication system described in Claim 1 characterized by the fact that said 
receiver determines the candidates for the sample, starting point by means of carrier sensing. 
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3. The communication system described in Claim 1 characterized by the following facts: 
said receiver also has 

a frame synchronization control means that performs the following operation: judgment 
is made on whether said correction process is finished by comparing the mean value of the 
absolute values of the latest logarithmic likelihood ratios (A) with the mean value of the absolute 
values of the immediately preceding logarithmic likelihood ratios (B); if the judgment result is 
B < A, the received signal after correction is used to execute LDPC decoding and correction 
process again; on the other hand, if the result of execution of repeated decoding using the 
corrected received signal is B > A, the correction process is finished; then, the maximum value is 
selected from the mean values of the absolute values of the logarithmic likelihood ratios 
corresponding to the candidates for said sample starting point; and the point corresponding to the 
maximum value is taken as the sample starting point of the frame; 

said decoding means repeats LDPC decoding until a prescribed number of iterations is 
reached or until there are no errors for the selected frame. 

4. The communication system described in Claim 3 characterized by the fact that said 
receiver determines the candidates for the sample starting point by means of carrier sensing. 

5. A receiver characterized by the fact that it has the following parts: 

a decoding means that executes LDPC decoding once (iteration: 1) with "sum-product 
algorithm" with respect to the received signal at plural sample points as candidates for the 
sample starting point, 

a phase error estimating means that uses the soft judgment information output during the 
process of said decoding to execute phase error estimation using the minimum mean square error 
method (MMSE), 

and a correcting means that corrects the received signal on the basis of said estimation 

result. 

6. The receiver described in Claim 5 characterized by the fact that it determines the 
candidates for the sample starting point by means of carrier sensing. 

7. The receiver described in Claim 5 characterized by the following facts: 

it also has a frame synchronization control means that performs the following operation: 
judgment is made on whether said correction process is finished by comparing the mean value of 
the absolute values of the latest logarithmic likelihood ratios (A) with the mean value of the 
absolute values of the immediately preceding logarithmic likelihood ratios (B); if the judgment 
result is B < A, the received signal after correction is used to execute LDPC decoding and 
correction process again; on the other hand, if the result of execution of repeated decoding using 
the corrected received signal is B > A, the correction process is finished; then, the maximum 
value is selected from the mean values of the absolute values of the logarithmic likelihood ratios 
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corresponding to the candidates for said sample starting point; and the point corresponding to the 
maximum value is taken as the sample starting point of the frame; 

said decoding means repeats LDPC decoding until a prescribed number of iterations is 
reached or until there are no errors for the selected frame. 

8. The receiver described in Claim 7 characterized by the fact that the candidates of the 
sample starting point are determined by means of carrier sensing. 

9. A communication method characterized by the fact that it is comprised the following 
steps of operation: 

a first decoding step in which LDPC (Low-density Parity-check) decoding is executed 
once (iteration: 1) with "sum-product algorithm" with respect to the received signal at a 
prescribed sample point, 

a phase error estimating step in which the soft judgment information output during the 
process of said decoding is used to execute phase error estimation using the minimum mean 
square error (MMSE) method, 

a first correction step in which the recorded signal is corrected on the basis of said 
estimation result, 

a judgment step in which judgment is made on whether said correction process is finished 
by comparing the mean value of the absolute values of the latest logarithmic likelihood ratios (A) 
with the mean value of the absolute values of the immediately preceding logarithmic likelihood 
ratios (B), 

a second correction step in which the operation is performed such that if the judgment 
result is B < A, the received signal after correction is used to execute LDPC decoding and 
correction process again; 

a frame synchronization step in which the operation is performed such that on the other 
hand, if the result of execution of repeated decoding using the corrected received signal is B > A, 
the correction process is finished, the maximum value is selected from the mean values of the 
absolute values of the logarithmic likelihood ratios corresponding to the candidates for the 
sample starting point, and the point corresponding to the maximum value is taken as the sample 
starting point of the frame, 

and a second decoding step in which said LDPC decoding is executed repeatedly until a 
prescribed number of iterations is reached or until there are no errors. 

10. The communication method described in Claim 9 characterized by the fact that the 
candidates for the sample starting point are determined by means of carrier sensing. 
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